Foreword
The estimation of crop productive potential can be divided into three stages: light, temperature and water, photosynthetic production potential is the basis for the ultimate production potential of crops. As a thermophilic crop, the utilization rate of photosynthetic radiation is a necessary condition for the growth and development of rice. Liaoning Province is one of the main grain producing areas in the north and an important commodity grain base [1] .Rice is the second largest food crop in Liaoning Province [2] , the planting area accounts for about 17% of the total grain planting area in Liaoning Province, and the yield is about 23% of the total grain production in Liaoning Province [3] ,therefore, its production potential has been paid much attention. The purpose of calculating photosynthetic potential is to explore the effect of light energy efficiency on rice production. At present, many scholars estimate the photosynthetic potential of rice in different regions [4] [5] [6] . It provides theoretical basis for evaluating the potential of rice production, reasonably developing rice resources and promoting real productivity in this area.
Materials and Methods
Photosynthetic production potential. Photosynthetic production potential (YQ) refers to the theoretical yield of a crop within unit time and unit areformed by light energy resources without considering other factors. The formula is:
YQ is the photosynthetic potential per unit area. (kg· hm -2 );C is the unit conversion coefficient with a value of 10000; is the total radiation amount in the growing period [7] [8] [9] [10] 
Results and Analysis
Time distribution of photosynthetic production potential. The change in photosynthetic production potential over time between 1987 and 2016 in Liaoning Province is shown in Fig.  1 (a).The potential for photosynthetic production during the growth period of rice in the past 30 years ranged from 23000 to 27000 kg· hm -2 .Among them, the average photosynthetic production potential was 25168.08kg· hm -2 , and the fluctuation between years was large. .According to the meteorological data, the sunshine hours in the rice growing period in Liaoning Province in 2002 were higher than those in other years, so the total solar radiation was higher than that in other years, which promoted the development of rice photosynthetic potential. According to the trend line, the average photosynthetic potential decreased slowly with time, but the decreasing trend was not obvious, the average decline range was 39.25 kg· hm . According to MK mutation test the photosynthetic production potential of Fig. 1(b) .Liaoning Province was mutated in 2000 and 2012 respectively. Therefore, the change of photosynthetic production potential was divided into three stages: from 1987 to 2000, the photosynthetic potential of rice increased slowly at the rate of 67.51 kg· hm - Space distribution of photosynthetic production potential. As shown in Fig. 2(a) , the spatial distribution of rice photosynthetic production potential in Liaoning province in the last 30 years is in a trend of increasing gradient from southeast to northwest, and the overall photosynthetic potential is between 22000~27000 kg· hm -2 · (10a) -1 , Among them, the low value area of photosynthetic production potential is located in the hilly region of southeast Liaoning, such as Hengren, Kuandian, Xiuyan, Dandong station, the range is between 22400 and 24400 kg· hm -2 , Qingyuan, Zhuanghe ,Fushun, Benxi area is between 24800 and 25200 kg· hm -2 , the lowest value is Dandong 22705.81 kg· hm -2 ;The central plain and western Liaoning Corridor area are the high value distribution area of Liaoning photosynthetic potential, which is above kg· hm -2 . Among them, there are a large area around Kaiyuan, Xinmin, Shenyang and Wa fangdian stations in the central part of Liaoning Province and the west of Suizhong, the photosynthetic production potential is from 25200 to 25600 kg· hm -2 , the west area of Fuxin, Jianping county Jinzhou, Yingkou and Dalian's photosynthetic production potential is from 25600 to 26500 kg· hm -2 , and the highest value is 26347.23 kg· hm -2 in Jianping county. As a whole, the spatial distribution of photosynthetic potential in Liaoning Province was not different in 30 years.
From the spatial distribution of climatic tendency rate Fig. 2 (a) , it can be seen that the photosynthetic potential of nearly 67% of the stations in Liaoning Province showed a decreasing trend during the period of study. Among them, 25% of the sites passed the 0.01 significance test ,most of them were distributed in large areas of western Liaoning, and 6.25% of the sites passed the 0.05significant test; Yingkou had the highest decline rate of -628.28 kg· hm -2 · (10a) -1 .However, the photosynthetic potential of 33% sites in the whole province is on the rise, among which only Benxi and Zhuanghe have passed the 0.01significant test, and the maximum rising rate of Benxi is 980.68 kg· hm -2 · (10a) -1 .Therefore, the decrease of photosynthetic radiation has some advantages and disadvantages to the rice production in Liaoning Province, but on the whole, it is not conducive to the rice production in Liaoning Province, and the negative effect is greater than the positive effect.
It can be seen from the sliding average of photosynthetic potential in 10 years: from 1987 to 1996, the photosynthetic potential high area of rice was located in the semi-arid area of western Liaoning and the coastal area of southern Liaoning (Fig. 2. b) low value area is located in the mountain area of Liaodong and the lowest value was 23217 kg· hm -2 ; Comparison of 1987-1996, in the 1997-2006 year, the high value area of rice photosynthetic potential has spread to the East (Fig. 2. c) . The photosynthetic potential of the central region and the southern part of Liaoning increased, but there was no difference in the low value area. Compared to the period of 1987-1996 and 1997-2006 , the range of photosynthetic potential of rice in Liaoning Province decreased significantly from 2007 to 2016 (Fig. 2. d) , the high value region obviously retreated to the western part of Liaoning, while the low value area of the east retreated to the east, showing a small increase trend. Therefore, the photosynthetic potential of rice decreased in 1987-2016, and the decrease in 2007-2016 was obviously higher than that in the previous two stages, and the decrease of photosynthetic potential in western Liaoning was higher than that in eastern Liaoning. 
Discussion
During the study period, the temporal and spatial variation of photosynthetic potential of rice was consistent with that of radiation. In the past 30 years, the decrease of total solar radiation has led to the decrease of photosynthetic efficiency and the decrease of photosynthetic potential of rice, which has a significant negative effect on rice yield, which is consistent with the previous research results [11] . At present, the exploration of the photosynthetic potential of rice is still improving. Because the climatic conditions, soil conditions, rice varieties and so on have some deviations, the utilization rate of light energy of rice is also different. Therefore, it is an important task in the future research to improve the variety and combine the local conditions to grow rice to promote the increase of yield and the efficiency of light energy utilization.
Conclusion
In this study, the mechanism method was used to calculate the potential of rice photosynthesis in Liaoning Province from 1987 to 2016 and used the MK mutation test and Kriging space interpolation to analyze its spatiotemporal variation characteristics. In terms of time distribution, the average photosynthetic potential of rice in Liaoning Province ranged from 23000kg to 27000 kg· hm -2 , which showed an overall downward trend, and the decreasing rate was 39.25 kg· hm -2 · (10a) -1 ; MK mutation occurred in 2000 and 2012, and the potential of photosynthetic production did not increase significantly before 2000 and after 2012 but decreased significantly between 2001 and 2011. In terms of space distribution, The photosynthetic potential is high in the northwest and low in the southeast. The photosynthetic production potential of 67% of the sites is decreasing over time, the reduction range is relatively large in the west of Liaoning and the eastern part of Liaoning Province.
